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The effect of externally applied pressure on the magnetic behavior of Cu2Te205(Bra;Cli_a:)2 with 
x — 0, 0.73 and 1, is investigated by a combination of magnetic susceptibility, neutron diffraction 
and neutron inelastic scattering measurements. The magnetic transition temperatures of the x — 
and 0.73 compositions are observed to increase linearly with increasing pressure at a rate of 0.23(2) 
K/kbar and 0.04(1) K/kbar respectively. However, the bromide shows contrasting behavior with 
a large suppression of the transition temperature under pressure, at a rate of -0.95(9) K/kbar. In 
neutron inelastic scattering measurements of Cu2Te2 0sBr2 under pressure only a small change to 
the ambient pressure magnetic excitations were observed. A peak in the density of states was seen 
to shift from ~ 5 meV in ambient pressure to ~ 6 meV under an applied pressure of 11.3 kbar, 
which was associated with an increase in the overall magnetic coupling strength. 

PACS numbers: 61.12.Ex, 75.10.Jm, 75.10.Pq 



Considerable attention has been paid to frustrated 
quantum spin systems with reduced dimensionality in 
recent years due to their fascinating ground states and 
magnetic behaviosi. The spin tetrahedral compounds 
Cu 2 Te205X 2 (X=Br,Cl) are recent examples^ of systems 
in which competing intra- and inter-tetrahedral interac- 
tions give rise to non-trivial ground state and dynamic 
magnetic behavior along with the possibility that they 
lie close to a quantum critical poinl£. 

Early studies of Cu2Te2 05X2 revealed typical spin- 
gapped behavior in the magnetization and low lying sin- 
glet excitations in Raman spectroscopy. Below tran- 
sition temperatures of T% T ~ 11.4 K and T% 1 ~ 18.2 
K (for X=Br and CI respectively), the compounds form 
a complicated incommensurate magnetic structur o 5 i 6 i 7 . 
Inelastic neutron scattering^ measurements revealed fur- 
ther complexity in the dynamic behavior, with disper- 
sive excitations associated with the incommensurate or- 
der present in both compounds. Theoretical work has 
investigated the effect of inter-tetrahedral coupling and 
the relative strengths of exchange interactions in this sys- 
l ;em 9 i io i ii i i2 4 i3^ However, no theoretical treatment has 
satisfactorily explained the experimentally observed be- 
havior, and the true nature of the underlying magnetic 
interactions remains unclear. 

External pressure has been used as a tool to tune 
the underlying interactions in many magnetically ordered 



systems, and has proved to be an invaluable technique 
for investigating quantum critical points^i^i^. Previous 
magnetic susceptibility measurements of polycrystallinc 
Cu2Tc205Br2 under applied pressure have been reported 
by Kreitlow et alpi& T^ r is reported to quickly decrease 
under applied pressure and no longer be observable at 8.2 
kbar, indicating that Cii2Te205Br2 lies close to a non- 
magnetically ordered phase. In contrast, the tempera- 
ture of the maxima in the susceptibility (T max ), which is 
associated with the overall magnetic coupling strength, 
is observed by Kreitlow et al. to increase with increas- 
ing applied pressure, by up to 25 % under 8.2 kbar. A 
structural analysis of C^T^OsB^ under pressure using 
angle-dispersive x-ray powder diffraction has also been 
reported^, with the atomic positions refined in pressures 
up to 140 kbar. It is observed that the inter-tetrahedral 
Br-Br distance decreases with increasing pressure and 
the Cu-Br-Br path becomes slightly more linear, whilst 
the Cu-Cu distances increase under pressure. In this 
paper, the effect of externally applied pressure on the 
magnetic behavior of Cu2Te205(Br x Cli_ a; )2 is investi- 
gated through a combination of magnetic susceptibility, 
neutron diffraction and neutron inelastic scattering mea- 
surements under pressure. 

Susceptibility measurements as a function of temper- 
ature were performed with a Quantum Design SQUID 
magnetometer. Hydrostatic external pressure was ap- 
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FIG. 1: The second derivative of the magnetic susceptibil- 
ity (d 2 x/dT 2 ) as a function of temperature for Cu2Te20sBr2 
under a number of externally applied pressures. 
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FIG. 3: The second derivative of the magnetic susceptibil- 
ity (d 2 x/dT 2 ) as a function of temperature for Cu2Te20sCl2 
under different externally applied pressures. 
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FIG. 2: The transition temperature, T^ r , and the tempera- 
ture of the maxima in the susceptibility T ma x of Cu2Te20sBr2 
as a function of pressure. 



plied using an easyLab Technologies Mcell 10 pressure 
cell, using Sn as an in-situ manometer. Neutron diffrac- 
tion measurements were performed on a single crystal 
of Cu2Te205Cl2 with dimensions 5 mm x 2.5 mm x 2.0 
mm, on the D10 diffractometer at the ILL. Hydrostatic 
pressure was applied to the sample using a CuBe clamp 
cell with Fluorinert pressure medium, and the in situ 
pressure was determined using a NaCl manomete»iii&. 
Neutron inelastic scattering measurements of polycrys- 
talline Cu 2 Tc2 05Br 2 were performed on the direct chop- 
per spectrometer HET at ISIS. A CuBe pressure cell was 
used and the pressure determined from diffraction mea- 
surements of a NaCl manometer on PRISMA at ISIS. 

In ambient pressure magnetic susceptibility (x) mea- 
surements of Cu2Tc20sBr2 as a function of temperature, 
X is observed to have a maxima at T max ~ 30 K, before 
dropping abruptly to a much reduced level at lower tem- 



peratures^. The transition to long range magnetic order 
at T^ r ~ 11.4 K corresponds to a step-like feature in 
dx/dT, which in turn corresponds to a peak in d 2 x/dT 2 . 

Figure ^ shows d 2 x/dT 2 versus temperature for 
Cu2Te20sBr2 in an applied magnetic field of 50 kOe as a 
function of temperature in a number of different applied 
pressures. Here, the transition temperature (correspond- 
ing to the maxima in the peak of d 2 x/dT 2 ) is seen to 
decrease linearly in applied pressure, from ~ 11.5 K in 
1.1 kbar, to ~ 6.1 K in 5.6 kbar. The peak width in- 
creases significantly with increasing applied pressure. By 
7.6 kbar there is no longer a clearly defined peak that 
can be associated with the magnetic transition, although 
there is a small, broad peak centered at ~ 5 K. Unfor- 
tunately, below ~ 4 K, d 2 x/dT 2 becomes rather noisy. 
This is believed to be because of problems with the back- 
ground subtraction at low temperatures where the sam- 
ple susceptibility is very low, and the signal from the 
pressure cell becomes large due to the presence of para- 
magnetic impurities in the cell. It is therefore difficult 
to ascertain whether or not the ordering temperature is 
suppressed toward T — K by further increasing the ap- 
plied pressure. The pressure dependence of T^ r observed 
in this data differs somewhat from the results reported by 
Kreitlow et alii^ In their work, they report that T^ r ~ 5 
K at a pressure of 3.5 kbar and as a consequence the pres- 
sure dependence is rather non-linear. The large number 
of pressures measured in our work have allowed the obser- 
vation of a more consistent, linear pressure dependence. 
In contrast, the temperature at which the maxima in the 
susceptibility occurs is observed to shift linearly to higher 
temperatures with increasing pressure, from ~ 29 K in 
1.1 kbar, to ~ 39 K in 7.6 kbar, in good agreement with 
the work of Kreitlow et alpiS The pressure dependence 
of T max is displayed in figure |3 along with that of T^ r . 
Linear fits give gradients of -0.95(9) K/kbar and 1.42(6) 
K/kbar for T^ r and T max respectively. 
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FIG. 4: The second derivative of the magnetic sus- 
ceptibility (d 2 x/dT 2 ) as a function of temperature for 
Cu2Te205(Bra;Cli_a;)2 with x = 0.73, for different externally 
applied pressures. 



t ■ 1 1 1 1 1 1 1 ■ r 




J: i i i i i i i i i i_ 

2 4 6 8 10 

Pressure (kbar) 



FIG. 6: The transition temperature (T^ =a73 ) and the tem- 
perature of the maxima in the susceptibility (T max ) of 
Cu2Te205(Br;ECli-a;)2 with x — 0.73 as a function of pres- 
sure. 
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FIG. 5: The transition temperature, Tf^ , and the tempera- 
ture of the maxima in the susceptibility T max of Cu2Te20sCl2 
as a function of pressure. 



Similar measurements have been performed with poly- 
crystalline samples of CU2TC2O5CI2 and mixed compo- 
sition Cu2Tc205(Br.j;Cli_; E )2 with x = 0.73. Figures 
and 0] show d 2 x/dT 2 as a function of temperature for 
a number of different pressures for the chloride and 
x = 0.73 sample respectively. This data was taken in an 
applied field of 1 kOe for the chloride and 50 kOe for the 
x = 0.73 sample. The transition temperatures (T^ 1 and 
T^ =0 - 73 ) correspond to the minima in d 2 x/dT 2 . In the 
chloride, T^ 1 is observed to increase in a linear fashion 
with increasing pressure, whilst for the x = 0.73 T§ =0 - 73 
barely changes with applied pressure, increasing by less 
than 1 K from ambient pressure to an applied pressure 
of 10.5 kbar. 

The temperature of the maxima in the susceptibility 
(T max ) was observed to increase with applied pressure 



in both samples, from ~ 23 K in ambient pressure to 
~ 28 K in 10.0 kbar for the chloride and from 19 K in 
ambient pressure to 30 K in 10.5 kbar for the mixed com- 
position. Figure plots the pressure dependence of T^ 1 
and T max for the chloride, with linear fits giving gradi- 
ents of 0.23(2) K/kbar and 0.52(3) K/kbar respectively. 
Figure El shows the pressure dependence of T^ =0 - 73 and 
Tmax for the x = 0.73 compound, both of which show a 
linear relationship with gradients of 0.04(1) K/kbar and 
1.00(1) K/kbar respectively. 

Neither the transition temperature nor T max respond 
as strongly to pressure as they do in the case of 
Cv^T^OsB^. T max is almost three times as responsive 
to pressure in the case of X=Br than X=C1, and TV is al- 
most four times as responsive to pressure for X=Br com- 
pared to X=C1, and, moreover, the pressure dependence 
acts in the opposite sense for the two compounds. Whilst 
for the bromide Tpj decreases with increasing pressure, 
for the chloride Tjy increases with increasing pressure, 
indicating that pressure has a significantly different ef- 
fect on these two compounds. For the x = 0.73 sample, 
T m .ax behaves under pressure in an intermediate man- 
ner to the two end compounds, whilst the small increase 
in T^ =0 - 73 with pressure is closer to the behavior of the 
chloride. 

In order to correlate the effect of pressure observed in 
these macroscopic magnetic susceptibility measurements 
with a microscopic view of the system, we have also per- 
formed neutron diffraction measurements of single crystal 
Cu2Te20sCl2 under an applied pressure of 4.5(3) kbar. 
The modulation vector of the incommensurate magnetic 
structure (k' cl « [—0.15,0.42, 1/2], see ref£) was not ob- 
served to change from that of the ambient pressure struc- 
ture when under an applied pressure of 4.5 kbar. Figure0 
shows the integrated intensity of the Q = (0.56 0.85 0.5) 
magnetic reflection over the temperature range 2 - 18.5 
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FIG. 7: Normalized integrated intensity of the Q = 
(0.56 0.845 0.5) reflection as a function of temperature for 
Cu2Te20sCl2. The filled and empty circles represent the am- 
bient pressure and 4.5 kbar data respectively. 



K, in which the data taken in ambient pressure (filled 
circles) and 4.5 kbar (empty circles) have been normal- 
ized to the same intensity scale. The data shows a clearly 
resolved shift in the temperature dependence of the inte- 
grated intensity under an applied pressure. The intensity 
of the magnetic reflection in ambient pressure drops to 
- 13 % of its value at 2 K by 17.75 K, and by 18 K 
there is no longer a discernable peak. In contrast, in the 
4.5 kbar data, the intensity of the magnetic reflection 
at 18.5 K is still ~ 18 % of its value at 2 K, although 
at higher temperatures no peak can be resolved above 
the background level of scattering. The ambient pres- 
sure transition temperature of Cu2Te205Cl2 is T^ 1 = 

18.2 K, whilst under a pressure it is observed to shift to 
T^ 1 ~ 19 K, in good agreement with the susceptibility 
measurements of Cu2Te205Cl2 presented above. Similar 
neutron diffraction measurements of Cu2Te205Br2 and 
the x = 0.73 composition under pressure have not been 
possible to date due the difficulty of growing large enough 
single crystals of these compounds. 

The effect of applied pressure on the dynamic magnetic 
behavior of polycrystalline Cu2Te2 0sBr2 has been inves- 
tigated using neutron inelastic scattering (NIS) on HET 
at ISIS. An incident energy of Ei = 18 meV and chopper 
frequency of 150 Hz were used, giving an accessible |Q| 
range of ~ 0.5 to 1.5 A -1 at an energy of 5 meV. Previous 
NIS measurements^ of Cu2Te20sBr2 in ambient pressure 
have revealed the presence of a magnetic excitation with 
a flat component centered in energy at ~ 5 meV, and a 
dispersive component centered at |Q| ~ 0.7 A -1 . 

Figure [S] shows 5(|Q|, hui) versus fnu summed over the 
|Q| range 0.5 A" 1 < |Q| < 1.5 A" 1 for Cu2Te 2 5 Br 2 at 
ambient pressure (red) and under an applied pressure of 

11.3 kbar (blue) at T = 4 K. In both cases the background 
scattering from the pressure cell has been subtracted. 
The data shown in black in figure [H] was taken at am- 
bient pressure and outside of the pressure cell, such that 
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FIG. 8: S(\Q\,htv) versus energy transfer for Cu2Te20sBr2, 
summed over 0.5 A -1 < |Q| < 1.5 A -1 . Data for the sample 
in the pressure cell under 11.3 kbar is shown in blue, for the 
sample in the pressure cell at ambient pressure in red, and for 
the sample at ambient pressure and not in the pressure cell 
in black. 



the absorption was reduced and better statistics could 
be obtained in shorter counting times. A peak in the 
density of states is observed at ~ 5 meV in ambient pres- 
sure for the case in which the sample is in the pressure 
cell as well as the case in which it is not in the pressure 
cell. Indeed, 5(|Q|, ftw) versus hio for both of the ambient 
pressure measurements are very similar, as expected, al- 
though there are small discrepancies, particularly at low 
energy transfer (~ 1 - 4 meV) 5(|Q|, fno), which may be 
an artifact of the background subtraction due to a possi- 
ble over-estimation in this region. However, the peak in 
the density of states for the sample under 11.3 kbar is at 
~ 6 meV, showing a shift of approximately 1 meV from 
the ambient pressure data. This shift is more clearly il- 
lustrated in figure in which the ambient pressure data 
(taken with the sample in the pressure cell) is subtracted 
from the 11.3 kbar data. The experimental setup and 
instrumental configuration were identical in both cases, 
hence the subtraction gives the difference in S(\Q\, fruj) 
as a function of energy transfer between measuring under 
11.3 kbar and in ambient pressure. The data shows an 
S-like feature (marked as a solid line in figure|5]as a guide 
to the eye) , which corresponds to the shifting of the peak 
under pressure. The negative part of the S-shapc feature 
indicates that there is less intensity in the 11.3 kbar data 
in the energy region ~ 3 - 5.5 meV, in comparison with 
the ambient pressure data. Similarly, the positive part 
of the S-shape indicates that there is more intensity in 
the 11.3 kbar data in the region ~ 5.5 - 8 meV compared 
with the ambient pressure data. From figure|Sl it appears 
that there may also be a small broadening of the peak as 
well as a shift of the center of the peak to higher energy 
when under applied pressure. 
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FIG. 9: S(|Q|,fta>) versus energy transfer for Cu2Te20sBr2, 
in which the ambient pressure data has been subtracted from 
the 11.3 kbar data. The data has been summed over 0.5 
A -1 < |Q| < 1.5 A -1 . The solid line is a guide to the eye. 



Pressure measurements often provide useful informa- 
tion about the underlying magnetic interactions in a sys- 
tem. As pressure is applied and the sample volume de- 
creases one would expect, in general, the magnetic cou- 
pling strengths to increase due to the closer proximity 
of the atoms and resultant increased overlap of their or- 
bitals. In particular, for Cu2Te205Br2 one may naively 
expect that the effect of pressure would be to push the 
magnetic behavior toward that of the CU2TC2O5CI2 com- 
pound, which has a 7 % smaller volume. In this system 
there are both intra- and inter-tetrahedral competing in- 
teractions, as well as the presence of an antisymmetric 
DM interaction. Due to the competition of the different 
exchange paths, the magnetic ordering is likely to be very 
sensitive to the relative coupling strengths of the interac- 
tions present, which may respond to pressure in different 
manners. It is therefore important to closely consider the 
effect of pressure on the structure of the material along- 
side the effects observed in the magnetic behavior. The 
structural results of Wang et aliSS for Cu2Te205Br 2 sug- 
gest that the inter-tetrahedral exchange interactions J a , 
Jb and J c may possibly increase under applied pressure, 
and the intra-tetrahedral exchange interactions J\ and 
J2 may possibly decrease under applied pressure (using 
the exchange interaction notation of Whangbo et aliii). 

Firstly, consider T max , which is observed to increase 
linearly with increasing applied pressure for each of the 
samples. In general, T max is associated with the overall 
coupling strength of the system, which therefore appears 
to increase under pressure for all compositions. How- 
ever, it is not clear which exchange interactions deter- 
mine the overall magnetic coupling in these materials. 
In the case of Cu2Te205Br2, the work of Wang et ali^S 
suggests that the inter-tetrahedral coupling may increase 
with applied pressure, whereas the intra-tetrahedral cou- 
pling possibly decreases with applied pressure. This in- 



dicates that the overall coupling strength may perhaps 
be determined by the inter-tetrahedral coupling. In the 
case of Cu2Te2C>5Cl2 and the doped x = 0.73 composi- 
tion there is no corresponding structural data, and so it 
is not known how the different exchange paths respond 
to pressure relative to each other. 

Now consider the behavior of Tjv under pressure for 
each of the compositions. In contrast to the chloride and 
x = 0.73 sample, the transition temperature of the bro- 
mide decreases with increasing pressure, and the com- 
pound appears to move toward a non-magnetic phase. 
However, it is not clear how the pressure dependence 
of T^ r develops beyond ~ 6 kbar, and whether or not 
it is completely suppressed at some higher pressure. It 
has previously been suggested that Cu2Te 2 5 Br2 and 
Cu2Te20sCl2 lie in the proximity of a quantum criti- 
cal points. These results may therefore suggest that 
externally applied pressure has the effect of pushing the 
bromide closer to the quantum critical point, and push- 
ing the chloride away from it. The x = 0.73 composition, 
although somewhat intermediate in its behavior, seems 
to follow more closely the chloride and is pushed slightly 
further from the possible quantum critical point with a 
very small increase in T^ =0 73 under pressure. 

The contrasting relative behavior of T/v and T max may 
also give information about the underlying magnetic in- 
teractions in the three compounds. Firstly, in a low di- 
mensional system the maxima in the magnetic suscepti- 
bility often gives a better indication of the underlying 
strength of the magnetic interactions than the actual 
transition temperature, which can reflect weaker 'par- 
asitic' interactions that finally lock in the three dimen- 
sional order (examples of this are copper oxy-chloridcs 
CaGdCu0 3 Cl and Ca4R2Cu 3 8 Cl4 (R=Gd,Sm)2i). In- 
deed, for Cu2Te205(Br a; Cli_ 2 ;)2 the issue of the relative 
strengths of the possible interactions, and which deter- 
mine the low dimensionality or which is dominant in driv- 
ing the transition to 3D order, has yet to be established. 
However, it is clear that in the bromide the interaction 
driving the 3D order is not the same as that which can 
be thought of as mediating the overall (possibly low di- 
mensional) coupling because T max and T^ r act in the 
opposite sense under pressure. In the Cu2Te20sCl2 and 
x = 0.73 samples, T max and T/v both increase under pres- 
sure. This may perhaps indicate that the interactions 
driving the overall magnetic coupling strength also play 
a role in determining the magnetic ordering temperature. 
However, it may not be sufficient to think solely in terms 
of the relative strength of the inter and intra-tetrahedral 
interactions. Another means by which the magnetic tran- 
sition in Cu2Te2C>5Br2 could be suppressed is by an in- 
crease in the frustration on the tetrahedra, or possibly a 
weakening of the DM interaction under pressure, as these 
are also parameters that may play an important part in 
the stabilization of a magnetically ordered state in this 
system. 

The effect of externally applied pressure on the dy- 
namic magnetic behavior of Cu2Tc205Br2 appears to be 
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rather more subtle than its effect on the magnetic tran- 
sition temperature. The most notable change in the dy- 
namics under an applied pressure of 11.3 kbar is a shift 
of the peak in the density of states of the magnetic exci- 
tations to 6 meV, from 5 meV in ambient pressure. 

In the isolated tetrahedra model, the magnetic exci- 
tation present at 5 meV in ambient pressure measure- 
ments would correspond to a singlet-triplet spin-gap of 
Afi r = Ji = 5 meV (Ji > J2). Under pressure, the in- 
crease of the peak in the density of states to 6 meV would 
require the intra-tetrahedral interaction Ji to increase. 
However, the measurements of Wang et ali^S suggest that 
under pressure the J\ interaction may perhaps decrease. 
If, however, the system is considered to consist of isolated 
square planar units mediated by the inter-tetrahedral J a 
and Jb interactions, then the peak energy in the density 
of states would be determined by the strength of J a and 
Jb- The work of Wang et aliSi indicates that these inter- 
tetrahedral J a and Jb interactions do possibly increase 
under pressure, which could explain the small shift of 
the peak in the density of states to 6 meV. However, in 
a magnetically ordered system there must be some form 
of coupling between the Cu 2+ clusters, whether they are 
tetrahedra or square planar units. Nevertheless, an in- 
crease in the overall magnetic coupling with pressure (as 
observed in the magnetic susceptibility measurements) 
is consistent with an increase in the energy scale of the 
magnetic excitations. Unfortunately the statistics of the 
NIS measurements under pressure are not sufficient to 
carry out a detailed analysis of the |Q|-dcpendence in 
different regions of energy transfer. However, it does ap- 
pear that the dispersive component of the magnetic ex- 
citation in Cu2Tc205Br2 observed in ambient pressure is 
still present when a pressure of 11.3 kbar is applied. If 
the behavior of T^ r as a function of pressure displayed 
in figure |21 is extrapolated to 11.3 kbar, one would ex- 



pect the transition temperature to be lower than 4 K, 
and possibly even suppressed close to T = K. There- 
fore the NIS measurement was most probably performed 
above the transition temperature, in which case it is pro- 
posed that the dispersive excitations are supported by 
low dimensional order or short range correlations. 

In conclusion, the effect of externally applied pres- 
sure on the magnetic transition temperature (Tjy) of 
Cu2Tc205(Br x Cli_a;)2 with x = 0, 0.73 and 1, has been 
studied using a combination of susceptibility measure- 
ments and neutron diffraction. T/y is observed to in- 
crease linearly with increasing pressure for the chloride, 
whilst it decreases rapidly toward T = K in the case of 
the bromide. For the mixed composition the behavior of 
Tn is somewhat X=Cl-like, with a very small increase 
with increasing pressure. In all three compounds the 
temperature of the maxima in the susceptibility (T max ), 
which is associated with the overall magnetic coupling 
strength, was observed to increase significantly with pres- 
sure. Neutron inelastic scattering (NIS) measurements 
of Cu2Tc205Br2 revealed a small shift in the peak in 
the magnetic density of states from ~ 5 meV in ambient 
pressure to ~ 6 meV under an applied pressure of 11.3 
kbar, which is associated with the increase in the overall 
magnetic coupling strength. In addition, the dispersive 
component of the magnetic excitation is still present at 
11.3 kbar, and may be supported by low dimensional 
short range order. 
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